Under the influence of previously published and some new theoretical results, potential-14 dependent adsorption and desorption of model electroinactive surfactants Triton X-100 (T-15 X-100 or polyethylene glycol p-(1,1,3,3-tetramethylbutyl)-phenyl ether) and sodium 16 dodecyl sulfate (SDS) on the static mercury drop electrode (SMDE) were studied by 17 square-wave voltammetry (SWV). Although (according to the theory) the resulting current 18 -potential curve should consist of two highly separated peaks, only desorption signal 19 could be seen on each experimentally obtained voltammogram, most probably because of 20 the limitations concerning the available potential range. Different properties of the 21 recorded peak are in good agreement with the theory indicating that square-wave 22 voltammetry could be treated as a potential tool for tensammetric studies of 23 electroinactive surface active substances. 24 25 Keywords 26 Adsorption/desorption, electroinactive substances, square-wave voltammetry, 27 tensammetry. 28 29 1. Introduction 30 2 Electroanalytical studies of adsorption processes at electrode surfaces have been in focus 1 for many years. The current response depends on whether the electro-active or inactive 2 substances adsorb on the working electrode [1-12]. Modern electrochemical instrumentation 3 enables independent measurements of the faradaic and capacitive components of the current 4 that flows across the electrode-electrolyte interface. Therefore, alternating current 5 voltammetry is the most commonly used technique for the study of surface processes without 6 electron transfer [1,12-16]. Electroanalysis of electroinactive surfactants is based on recording 7 of their influence upon the electrode double layer structure. During adsorption of a redox 8 inactive substance, the electrical double layer capacitance and thus the capacitive current 9 decrease [13]. The measurement of ac capacitive current as a function of electrode potential is 10 called tensammetry [17,18] but the same term is used when other voltammetric techniques are 11 applied for the similar purpose. The potential region of low-capacity values is limited on both 12
was shown that tensammetric/desorption peak originates from the difference in surface 23 coverage during the forward and backward series of pulses of SWV signal. 24 In this article, experimentally obtained SW current -potential curves of model 25 electroinactive surfactants Triton X-100 and sodium dodecyl sulfate will be presented and 26 treated in the light of previously published [27] and some new theoretical results. (i.e. 5.62 g/L and 1x10 -2 mol/L respectively). All solutions were prepared with water purified 1 in a Milipore Mili-Q system. 2 All voltammograms were recorded using a static mercury drop electrode (SMDE 663 VA 3 Stand from Metrohm). A platinum rod served as a counter electrode whereas all potentials 4 were given with respect to Ag/AgCl (3 mol/L KCl) with 3 mol/L NaCl in the electrolyte 5 bridge (to prevent formation of sparingly soluble KClO 4 in the frit). 6
The electrode system was attached trough the corresponding IME (Interface for Mercury 7 Electrode) module to the "PGSTAT 101" instrument (from Eco Chemie, Utrecht), controlled 8 by the electrochemical software "NOVA 1.5". 9 Before starting each new set of measurements, the solution in the electrolytic cell was 10 deaerated with high purity (99.999%) nitrogen for 15 min. The room temperature was 11 maintained at 25  1 °C. All measurements were carried out on "small size" mercury drops (S 12 = 0.265 mm 2 ) using 1 mol/L NaClO 4 as supporting electrolyte. i·(SC θ=0 f) -1 = ∆E·(C θ=1 /C θ=0 -1)·50·(θ m-1 -θ m ) (2) 21 in which ∆E = E -E pzc whereas other symbols have their usual meanings, given in 22   Table 1 . The constant 50 on the right side of equation 2 reflects the applied time 23 increment (∆t = (50·f) -1 ). Other details of the simulation procedure are given in reference
24
[27].
25
The model was developed to simulate the experiments with static mercury drop 26 electrode, assuming that 1) adsorption of the studied surfactant can be described by 27 Langmuir or Frumkin isotherm (with attractive interactions) and 2) potential of zero 28 charge is not affected by addition of surface active substances to the electrolyte solution.
29
From the practical point of view it is important that the normalized SW current 30 depends on four parameters which are related to the a) bulk concentration of the reactant 31 (y = c * D 1/2 /(Γ max ·f 1/2 )), b) maximum adsorption constant (b 0 = β 0 ·Γ max ·f 1/2 D -1/2 ), c) 32 4 capacity of a double layer on the free electrode surface (k c = C θ=0 ·(1 -1 (C θ=1 /C θ=0 ))/(2RTΓ max )) and d) ratio of capacities of totally covered and free electrode 2 surfaces (C θ=1 /C θ=0 ). In addition, SWV response depends on the Frumkin coefficient 3 and the relationship between the potential of zero charge and the surface coverage as 4 well. an electroinactive surfactant is generally characterized by a well defined desorption peak, 10 assuming that scanning in the negative direction starts near the potential of zero charge 11 whereas the whole process could be described by equation 1. When a (much) more 12 positive starting potential is applied instead, the response of the type given in Fig. 1A is to 13 be expected. It consists of two highly separated peaks with a zero current range between gives surface coverage in dependence on the electrode potential, it follows that the more 17 positive peak results from the gradual adsorption of the studied surfactant whereas the 18 more negative peak (at E << E pzc ) is a consequence of desorption process. In the range 19 between them, the maximum coverage of the electrode surface (θ = 1) is achieved.
20
Taking into account that simple, potential dependent adsorption is assumed, the values of 21 the initial and final potential from Fig. 1A could be interchanged. Such a scanning in the 22 positive direction should give the same pair of peaks as before but oriented in the opposite 23 direction (Fig. 1C ) as a result of the difference in surface coverage at negative and 24 positive pulses ( Fig. 1D ). In such an experiment the more positive signal is expected to 25 be higher than the more negative one whereas in Fig. 1A the opposite is true. At higher 26 values of the concentration parameter, the difference between two peaks gradually disappears. components of some net currents are given for the concentration range 0.50 -9.80 mg/L.
12
The concentrations are given in mg/L because molecular weight of Triton X-100 is not well approximate value of 625 is applied for calculations, it follows that the measurements were 1 performed in the range 0.800 -15.68 µmol/L. becomes extremely sharp and split in two close peaks. The formal origin of such splitting 20 could be found in the fact that components of the net current are shifted, one with respect to 21 the other (Fig. 3B) . The absence of adsorption peaks on all experimentally obtained tensammetric SWV 16 curves is not fully unexpected. According to model calculations, for conditions given in 17 description of Fig. 1 , separation of the two signals should be highly pronounced and 18 additionally dependent on the value of Frumkin coefficient (Fig. 5) . In other words, one peak 19 could be shifted with respect to the other for 1.4 -1.5 V (or even more) under real conditions.
20
At the same time the half-peak width could be highly reduced in comparison with the value 21 for a = 0. concentrations of anionic surfactant SDS is given in Fig.7 . From the theoretical and experimental results, it follows that a pronounced electrode 8 response is to be expected when square wave voltammogram of an electroinactive surfactant 9 is recorded. This is important for at least three reasons because it indicates that: a) SWV potentials are not available in experiments with a mercury electrode. For many practical 20 purposes, however, the presence of only one peak is sufficient especially because of the fact 1 that its properties are in good agreement with the theory.
2
Taking into account that measurements of electroinactive surfactants is usually performed 3 by ac voltammetry it is of prime importance to compare such results with those that arise 4 from the application of square wave voltammetry, i.e. to find if SWV could be applied in 5 addition to ac voltammetry or even instead of it. 
